INTRODUCTION {#sec1-1}
============

Approximately, 50% of deaths among the patients with end-stage renal disease (ESRD) originate from cardiovascular disease (CVD).\[[@ref1]\] Peripheral arterial disease (PAD) could be seen as a marker for systemic atherosclerotic disease, leading to fatal (such as death) or nonfatal events (such as CV events).\[[@ref2]\] Moreover, PAD is also common among ESRD patients.\[[@ref1]\] Some experts have begun to pay attention to the importance of PAD and its biomarkers.\[[@ref3]\] Recent data suggest that PAD is a strong predictor for overall mortality in hemodialysis (HD) patients.\[[@ref4][@ref5]\]

Adiponectin is an adipocytokine with anti-inflammatory and antiatherogenic effects, secreted especially by the adipose tissue, which is considered to be an active endocrine organ.\[[@ref6]\] The levels of adiponectin are low in obesity, type 2 diabetes mellitus, insulin resistance, dyslipidemia, coronary artery disease, and PAD.\[[@ref7][@ref8][@ref9]\] Meanwhile, there is an inverse association adiponectin levels and CV morbidity.\[[@ref10][@ref11][@ref12]\] But the impact of adiponectin on the CV health and survival of HD patients remains unclear. Epidemiological evidence has shown conflicting results regarding the association between levels of adiponectin and occurrence of adverse outcomes. Some studies suggested that higher adiponectin levels are associated with decreased CV and all-cause mortality risk in the HD population,\[[@ref13][@ref14]\] while others indicated that elevated circulating adiponectin levels are associated with adverse outcomes in nondialysis-dependent patients with chronic kidney disease and HD patients.\[[@ref15][@ref16]\]

The aim of this study was therefore to evaluate the association between adiponectin and PAD and investigate the relationship between adiponectin and adverse outcomes in HD patients without diabetic mellitus.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

The study population was comprised of HD patients from the dialysis center of Renji Hospital, Shanghai, China, between May 2008 and July 2008. Inclusion criteria were stable HD for at least 3 months at the time of evaluation and ability and willingness to provide informed consent. All patients were dialyzed on synthetic (polysulfone) membranes with bicarbonate dialysate. Exclusion criteria consisted of (1) severe medical conditions (e.g., cancer, sepsis, advanced liver or lung disease, and severe heart failure), (2) diabetic mellitus, active tuberculosis, systemic lupus erythematosus, systemic vasculitis, or rheumatoid arthritis, and (3) peritoneal dialysis or kidney transplantation patients who converted to HD.

Definition {#sec2-2}
----------

PAD was defined based on clinical symptoms (intermittent claudication, which evolves to pain at rest and a risk of tissue necrosis, and even to amputation), ankle-brachial index (ABI) of \<0.9 in either leg,\[[@ref17]\] previous history of lower extremity revascularization procedure, and/or angiography findings). The ABI was measured in all HD patients using an ABI device (MICROLITE 84M/0289, Sony) by a professional technician; the device measures arm and ankle (brachial and posterior tibial arteries, respectively) blood pressure by an ultrasonic technique. The measurement was obtained after completion of the dialysis treatment and after allowing patients to rest in a supine position at least for 5 min. ABI was calculated by the ratio of the ankle systolic pressure divided by the arm systolic pressure. The systolic pressure of the arm without dialysis access and the lower value of the ankle pressure were used for the calculation.

CVD defined as previous angiogram showing significant occlusive disease, a history of a myocardial infarction, or a history of coronary artery bypass surgery or angioplasty, a history of cerebrovascular accident including cerebral bleeding and infarction.

Adiponectin measurement {#sec2-3}
-----------------------

Blood was drawn in the morning after an overnight fast of at least 12 h before a dialysis session. The samples were separated via centrifugation (4000 rpm, 10 min) and immediately stored at − 80°C for subsequent assays. The serum concentrations of adiponectin were evaluated using an Enzyme-Linked Immunosorbant Assay kit (USCNLIFE, USA).

Outcome ascertainment {#sec2-4}
---------------------

Clinical outcome in this study included actual patient survival. The observation period ended on May 31, 2015. At the end of the follow-up, the status of all patients assessed and data on mortality were obtained for the entire cohort.

Statistical methods {#sec2-5}
-------------------

Data are reported as a mean ± standard deviation (SD) or as median and interquartile range, as appropriate. Comparison between groups was performed using an unpaired *t*-test for mean (SD) data, nonparametric Wilcoxon rank sum test for median (interquartile range) data, and the Chi-square test for categorical variables. Correlations were reported as the Pearson correlation coefficient. Sensitivity, specificity, and cutoff level for adiponectin as predictors of the presence of PAD and mortality were analyzed using receiver-operating-characteristic (ROC) curves. Survival curves were generated using the Kaplan--Meier technique. In addition, variables predictive of all-cause mortality and CV mortality were determined using Cox regression models. Any selected variable for which there was a significant difference for prediction of mortality in univariate Cox models was considered as a risk factor and entering into the multivariate Cox model. All *P* - values were two-tailed, and values of \< 0.05 were considered to indicate statistical significance. All confidence intervals (CIs) were calculated at the 95% level. All calculations were performed using a standard statistical package (SPSS version 20.0 for Windows, SPSS Inc., Chicago, IL, USA).

RESULTS {#sec1-3}
=======

Incidence of peripheral arterial disease in hemodialysis patients {#sec2-6}
-----------------------------------------------------------------

105 HD patients (55 males, mean age 57.38 ± 14.36 years) were enrolled. Diagnosis of renal failure was as follows: Glomerulonephritis in 41.6%, hypertension in 9.4%, obstructive uropathy in 3.8%, tubulointerstitial nephropathy in 2.8%, and 42.4% of the patients already have uremia at the first visit, so the causes of renal failure were unknown.

The incidence of PAD was 14/105 (13%). In PAD patients, five cases presented with claudication, one with claudication and rest pain, and three with angiography findings, who underwent limb vascularization procedures.

Clinical and biochemical parameters at enrollment {#sec2-7}
-------------------------------------------------

Baseline characteristics of the HD patients are shown in [Table 1](#T1){ref-type="table"}. The mean age of the HD patients was 57.38 ± 14.36 years. Among the 105 patients, 14 subjects fulfilled the clinical diagnosis of PAD. The PAD and non-PAD groups were matched for age, gender, body mass index (BMI), and several established CV risk factors. The patients in the PAD group had higher prevalences of preexisting CV events than subjects without the PAD. The PAD group also had significantly higher blood pressure, high-sensitivity C-reactive protein (hsCRP) levels, serum triglyceride (TG), high-density lipoprotein (HDL), phosphorus, intact parathyroid hormone (PTH), and ferritin.

###### 

Baseline demographic at the start of study

![](JRMS-21-50-g001)

In the HD patients, the concentration of serum adiponectin in the PAD group was lower than that of the non-PAD subjects (8.68bj. 10 ug/ml vs. 11.64lm. 11ug/ml *P* = 0.021) \[[Table 1](#T1){ref-type="table"}\].

The correlations between adiponectin and other factors {#sec2-8}
------------------------------------------------------

The univariate analysis showed a positive correlations in these patients between adiponectin levels and ABI values (*r* = 0.576, *P* \< 0.001), hsCRP (*r* = −0.312, *P* \< 0.001), TG levels (*r* = −0.175, *P* = 0.004), and total cholesterol (TC) levels (*r* = −0.146, *P* = 0.018). After adjustment for age, BMI, hsCRP, TG, TC the association between adiponectin levels and ABI values still remained (*r* = 0.499, *P* \< 0.001). On the other hand, there was no significant association between adiponectin and blood pressure, serum albumin, HDL, LDL, and PTH.

Receiver-operating-characteristic analysis of peripheral arterial disease {#sec2-9}
-------------------------------------------------------------------------

The ROC curve of PAD showed that the area under the curve (AUC) of adiponectin was 0.935 (95% CI: 0.848--0.981, *P* \< 0.001). With the cutoff value for adiponectin of 9.81 ug/ml, the diagnostic sensitivity and specificity for PAD were 84% and 85.7%, respectively \[[Figure 1](#F1){ref-type="fig"}\].

![Receiver-operating-characteristic curve for adiponectin to peripheral artery disease](JRMS-21-50-g002){#F1}

Peripheral arterial disease predicts all-cause mortality in hemodialysis patients {#sec2-10}
---------------------------------------------------------------------------------

During the follow-up period (mean 63 ± 30 months), 34 deaths occurred. The causes of death were cerebrovascular disease in 12 patients (35.3%), infection with sepsis in 10 patients (29.4%), CV disease in 4 patients (11.8%), malnutrition in 4 patients (11.8%), malignancies in 2 patients (5.9%), arterial aneurysm in 1 patient (2.9%), and pulmonary embolism in 1 patients (2.9%). The overall CV cause (cerebrovascular disease and CVD) of death was 47%.

In the univariate regression analysis, the hazard ratio (HR) of patients with PAD was 5.538 (*P* \< 0.001). Adiponectin, hsCRP, ferritin, age, blood pressure, serum lipids, albumin, smoking history, diabetes history, hypertension history, and medication history were introduced into the equation. [Table 2](#T2){ref-type="table"} showed a Cox proportional hazards regression analysis for overall mortality. The multivariate Cox analysis identified PAD as independent predictors of all-cause mortality (HR, 3.073; *P* = 0.001). The results from the Kaplan--Meier analysis for overall mortality were shown in [Figure 2](#F2){ref-type="fig"}. Patients with an ABI of less than 0.9 had a worse overall survival compared with those with a normal ABI (*P* = 0.001).

###### 

Predictors of overall mortality using Cox proportional hazards model in hemodialysis patients
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![Kaplan--Meier plot of ankle-brachial index for overall mortality](JRMS-21-50-g004){#F2}

About 16 CV deaths were documented during the follow-up period. We also analyzed the ABI values in predicting CV mortality and found that an ABI of less than 0.9 (HR, 3.283, 95% CI: 2.027--7.582; *P* \< 0.001) was a strong predictor for CV mortality. [Figure 3](#F3){ref-type="fig"} showed the Kaplan--Meier analysis for CV mortality. Patients with an ABI of less than 0.9 had a worse CV survival compared with those with a normal ABI (*P* \< 0.001).

![Kaplan--Meier plot of ankle-brachial index for cardiovascular mortality](JRMS-21-50-g005){#F3}

Adiponectin as a predictor of all-cause mortality in hemodialysis patients {#sec2-11}
--------------------------------------------------------------------------

The univariate regression shows the HR of adiponectin for overall mortality was 0.649 (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. In the multivariate analysis, adiponectin (HR, 0.832, *P* = 0.034) was associate with overall mortality \[[Table 2](#T2){ref-type="table"}\]. [Figure 4](#F4){ref-type="fig"} showed the results from the Kaplan--Meier of adiponectin for overall mortality. We found that patients who had lower median adiponectin had a worse outcome (*P* \< 0.05).

![Kaplan--Meier plot of adiponectin for overall mortality](JRMS-21-50-g006){#F4}

The ROC curve of overall mortality showed that the AUC of adiponectin was 0.719 (95% CI: 0.586--0.813, *P* \< 0.05). With the cutoff value for adiponectin of 11.01 ug/ml, the diagnostic sensitivity and specificity for all-cause mortality were 66.2% and 67.6%, respectively \[[Figure 5](#F5){ref-type="fig"}\].

![Receiver-operating-characteristic curve for adiponectin to overall mortality](JRMS-21-50-g007){#F5}

Furthermore, in HD patients with PAD, the univariate regression shows the HR of adiponectin for overall mortality was 0.649 (95% CI: 0.527--0.800, *P* \< 0.001). HD patients with PAD who had lower median adiponectin levels had a worse outcome in follow-up period (*P* \< 0.01) \[[Figure 6](#F6){ref-type="fig"}\].

![Kaplan--Meier plot of adiponectin for overall mortality in hemodialysis patients with peripheral artery disease](JRMS-21-50-g008){#F6}

However, there was no significant correlation between CV mortality and adiponectin.

DISCUSSION {#sec1-4}
==========

In our 7-year prospective study of 105 HD patients, we evaluated the predictors for overall and CV mortality. We found that PAD predicted all-cause mortality and CV mortality. Moreover, adiponectin might be a predictor of all-cause mortality in HD patients. Another observation of this study was that decreasing levels of adiponectin were associated with a significant increase in the risk of PAD in HD patients without diabetic mellitus.

Our study showed that the incidence of PAD in HD patients without diabetic mellitus was 13%. Epidemiological studies have reported the prevalence of PAD in the general population to be 1--5%.\[[@ref18][@ref19]\] The Chronic Renal Insufficiency Cohort Study data showed PAD in 7% of adult chronic kidney disease patients.\[[@ref20]\] In HD patients, the incident of PAD is higher than that of the general population. Based on the United States Renal Data System 2013 database, the prevalence of PAD was 557.9/1000 patients years in chronic HD patients.\[[@ref1]\] In Japan, Ono *et al*. showed that the incidence of PAD was 16.5% in 1,010 chronic HD patients using the ABI method.\[[@ref21]\] In Taiwan, Chen *et al*. reported that the incidence was 15.6% in 125 HD patients, using the same method.\[[@ref22]\] The incidence of PAD was 13% in our study, close to that in Japan and Taiwan.

CVD is the main reason of death in HD patients.\[[@ref23][@ref24]\] Therefore, vascular disease prevention in these patients is important to reduce the incident of CV events and the high morbidity and mortality.\[[@ref24]\] Several recent studies have shown an association between an abnormal ABI and overall and CV mortality.\[[@ref4][@ref5][@ref25]\] As the results of our observation period (maximum of 7 years) showed, PAD was an independent risk factor for all-cause and CV mortality.

Adiponectin has known complex associations with multiple biological pathways, including those that favorably affect atherogenic risk.\[[@ref26]\] In addition to improving the insulin sensitivity of hepatic and skeletal muscle;\[[@ref27]\] suppressing and increasing expression of proinflammatory and anti-inflammatory cytokines, respectively;\[[@ref28]\] and attenuating platelet aggregation and thrombus formation,\[[@ref26]\] adiponectin is also associated with a favorable serum lipid profile.\[[@ref29]\] Similar to patterns observed in prior studies of the general population and dialysis patients, we found that adiponectin levels were associated inversely with TG and TC levels and positively with hsCRP.

One of the observations of the present study was the significant relationship between serum adiponectin and PAD in the HD patients. Even after adjusting for several confounding factors such as age, BMI, hsCRP, TG, TC, and serum adiponectin, concentration was still significantly associated with ABI. The ROC curve of PAD also showed that the AUC of adiponectin was 0.935. With the cutoff value for adiponectin of 9.81 ug/ml, the diagnostic sensitivity and specificity for PAD were 84% and 85.7%, respectively. These results are consistent with Lim *et al*.\[[@ref29]\] These observations suggest a close link may exist between adiponectin and PAD in HD patients. Adiponectin may have a potential anti-atherogenic property. On the other hand, we found negative correlations between adiponectin levels and hsCRP. Therefore, low concentrations of adiponectin may cause an excessive inflammatory response and accelerate the development of the atherosclerotic process.\[[@ref29]\]

There have been inconsistent findings of the adiponectin-mortality association in HD patients. In a study of 227 HD patients by Zoccali *et al*.,\[[@ref30]\] 1 ug/mL higher adiponectin concentration was associated with a 3% lower CV event risk, although an association with mortality was not observed. Subsequently, Rao *et al*.\[[@ref31]\] observed that higher base-line and time-dependent adiponectin concentrations were associated with decreased mortality among 182 HD patients from the HEMO (HD) study and two Boston dialysis centers, and these findings have been corroborated in other studies of HD patients. In contrast, Drechsler *et al*.\[[@ref15]\] found that higher adiponectin concentrations were associated with increased risk of sudden cardiac death among 1,255 HD patients with diabetes type 2 from 4D (Die Deutsche Diabetes Dialyze Studie), although estimates were no longer significant after adjustment for BMI, serum lipid levels (TGs and HDL cholesterol), and other covariates. One recent study by Rhee *et al*.\[[@ref16]\] show that higher adiponectin level is associated with a 3-fold higher death risk in HD patients independent of body composition and lipid levels. Despite intensive past study, the impact of adiponectin on the CV health and survival of HD patients remains unclear. In our study, the multivariate analysis showed adiponectin was associated with overall mortality. The Kaplan--Meier of adiponectin for overall mortality demonstrated that patients who had lower median adiponectin had worse outcome. Furthermore, in HD patients with PAD, the univariate analysis showed adiponectin was associated with overall mortality. Our study showed that adiponectin was a predictor of all-cause mortality in HD patients.

The strengths of our study include a stable HD study cohort with long-term follow-up and detailed demographic, clinical, and treatment characteristics representative of the HD population. Furthermore, our study is among the first to explore the prognostic value of adiponectin with PAD and investigate the relationship between adiponectin and adverse outcomes in ESRD patients with PAD. We acknowledge several limitations of this study. First, it was a single-center trial with a small population carried out and the number of the patients with PAD in the study was relatively low. It is suggested that an open-labeled, prospective, multicentered, and controlled research is necessary to estimate the relationship of relationship of adiponectin and patients' outcomes and reduce the bias in ours. Second, it is an observational study which cannot fully explain why there is a relationship between adiponectin and overall mortality in HD patients. It provides a clue for us to further investigate the mechanism of this phenomenon.

In summary, we showed that lower levels of adiponectin were found in HD patients with PAD. Second, we showed that decreasing levels of adiponectin were associated with a significant increase in the risk of PAD in HD patients without diabetic mellitus. Furthermore, as the results of our observation period (maximum of 7 years) showed, PAD was an independent risk factor for all-cause and CV mortality. Adiponectin was a predictor of all-cause mortality in HD patients.

CONCLUSION {#sec1-5}
==========

We showed that lower levels of adiponectin were found in HD patients with PAD. Second, we showed that decreasing levels of adiponectin were associated with a significant increase in the risk of PAD in HD patients without diabetic mellitus. Furthermore, as the results of our observation period (maximum of 7 years) showed, PAD was an independent risk factor for all-cause and CV mortality. Adiponectin was a predictor of all-cause mortality in HD patients.
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